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MULTIPLE NOZZLE EVAPORATOR FOR 
VACUUM THERMAL EVAPORATION 

TECHNICAL FIELD 

The present invention relates to an evaporator for vacuum 
thermal evaporation, and more particularly, to a multiple 
noZZle evaporator in Which a material to be evaporated in the 
evaporator can be deposited on a substrate With an improved 
ef?ciency of use of the material, thereby forming a large-area 
uniform thin ?lm. 

BACKGROUND ART 

Generally, various thin-?lm forming techniques are used to 
fabricate semiconductor devices or ?at panel display devices. 
One of them is a vacuum thermal evaporation method. The 
vacuum thermal evaporation method is a method of forming 
a thin ?lm by placing a substrate at an upper side Within a 
vacuum container, and heating an evaporator, Which is placed 
beloW the substrate and contains a material to be evaporated, 
so that the evaporated material can be deposited on the sub 
strate. 

FIG. 1 shoWs a point evaporator that is most popularly used 
in the vacuum thermal evaporation method. As shoWn in FIG. 
1, the point evaporator 21 includes a cylindrical container 
With a spouting portion. A material to be evaporated is ?lled 
into the cylindrical container that in turn is heated to evapo 
rate the material, so that the evaporated material spouts from 
the container toWard a substrate to form a thin ?lm. HoWever, 
since the point evaporator causes most of the evaporated 
material to spout therefrom in a direction 22 directed by the 
spouting portion, it has a problem in that a large-area uniform 
thin ?lm cannot be obtained. In order to solve this problem, as 
shoWn in FIG. 1, an evaporation method in Which the point 
evaporator is placed at a peripheral region of the substrate 1 
and the substrate is rotated has been used. HoWever, this 
evaporation method has further problems in that the addition 
of an apparatus for rotating the substrate makes the evapora 
tion system complicated and causes defects in ?nal products, 
and the e?iciency of use of a material is loWered. 

Moreover, since the spouting portion is located at a center 
that is far aWay from a lateral heated portion in the conven 
tional point evaporator, there is a disadvantage in that the 
evaporated material may be easily condensed at the spouting 
portion. 

In order to solve these problems in the conventional point 
evaporator, the present inventor proposed a conical-noZZle 
evaporator. In case of the conical noZZle, it is dif?cult to 
achieve a desired spouting distribution, to process the noZZle 
and to grind the inside of the noZZle. Furthermore, since an 
evaporation tube is located at the center of the noZZle, there is 
a disadvantage in that an evaporated material is condensed 
inside the evaporation tube in the same manner as the con 
ventional point evaporator. 

DISCLOSURE OF INVENTION 

Technical Problem 

Accordingly, the present invention is conceived to solve the 
aforementioned problems. An object of the present invention 
is to provide an evaporator Which can form a thin ?lm With a 
uniform thickness on a large-area substrate Without rotation 
of the substrate, improve the e?iciency of use of a material to 
be evaporated, and minimiZe condensation of the evaporated 
material. 
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2 
Technical Solution 

According to an aspect of the present invention, there is 
provided a multiple noZZle evaporator for vacuum thermal 
evaporation, Which comprises a cylindrical crucible With an 
open top face; and a noZZle unit including a body portion 
having a cylindrical shape With a height smaller than that of 
the crucible and assembled to an upperportion of the crucible, 
and a plurality of evaporation tubes formed at an angle While 
penetrating through the body portion betWeen top and bottom 
faces of the body portion, Wherein a center of a loWer end 
opening of each of the evaporation tubes in the noZZle unit is 
located on an identical circumference With a radius from a 
center of the body portion, and a center of an upper end 
opening of the evaporation tube is located on a tangential line 
to the circumference passing through the center of the loWer 
end opening. 

According to another aspect of the present invention, there 
is provided a multiple noZZle evaporator for vacuum thermal 
evaporation, Which comprises a rectangular post-shaped cru 
cible With an open top face; and a noZZle unit including a body 
portion having a rectangular post-like shape With a height 
smaller than that of the crucible and assembled to an upper 
portion of the crucible, and a plurality of evaporation tubes 
penetrating through the body portion betWeen top and bottom 
faces of the body portion, Wherein the evaporation tubes of 
the noZZle unit are divided into tWo groups of Which evapo 
ration tubes are inclined in opposite directions at an identical 
inclination angle With respect to a central axis of the top face 
of the body portion. 

Advantageous Effects 

According to the present invention described above, the 
multiple noZZle evaporator for vacuum thermal evaporation is 
con?gured by disposing a plurality of evaporation tubes such 
that they are directed to peripheral areas of a substrate. Thus, 
a uniform thin ?lm can be formed on a large-area substrate, 
the e?iciency of use of a material to be evaporated can be 
improved, and the evaporated material can be prevented from 
being condensed on the evaporation tubes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW illustrating a vacuum thermal 
evaporation method using a conventional point evaporator. 

FIG. 2 is a perspective vieW shoWing a multiple noZZle 
evaporator according to a ?rst embodiment of the present 
invention. 

FIG. 3 is a plan vieW of a noZZle unit in the multiple noZZle 
evaporator according to the ?rst embodiment of the present 
invention. 

FIG. 4 is a schematic vieW illustrating a vacuum thermal 
evaporation method using the ?rst embodiment of the present 
invention. 

FIG. 5 is a perspective vieW shoWing a second embodiment 
of the present invention. 

FIG. 6 is a perspective vieW shoWing a third embodiment of 
the present invention. 

FIGS. 7 and 8 are perspective vieWs shoWing variants of the 
third embodiment of the present invention. 

FIGS. 9 and 10 shoW a perspective vieW and front and side 
vieWs illustrating a fourth embodiment of the present inven 
tion, respectively. 

FIG. 11 is a schematic vieW illustrating a vacuum thermal 
evaporation method using the fourth embodiment of the 
present invention. 
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FIGS. 12 and 13 show a perspective vieW and front and side 
vieWs illustrating a variant of the fourth embodiment of the 
present invention, respectively. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Hereinafter, preferred embodiments of the present inven 
tion Will be described in detail With reference to the accom 
panying drawings. 
A multiple noZZle evaporator of the present invention can 

be implemented in tWo different Ways according to con?gu 
rations of a crucible and a noZZle unit of the evaporator. A type 
of multiple noZZle evaporator is a circular multiple noZZle 
evaporator that has a circular crucible and a circular noZZle 
unit and corresponds to ?rst and second embodiments of the 
present invention. Another type of multiple noZZle evaporator 
is a rectangular multiple noZZle evaporator that has a rectan 
gular crucible and a rectangular noZZle unit and corresponds 
to third and fourth embodiments of the present invention. 

Referring to FIGS. 2 and 3, the multiple noZZle evaporator 
for vacuum thermal evaporation according to the present 
invention includes a crucible 31 and a noZZle unit 32. 

The crucible 31 is formed of a cylindrical container that has 
an open top face and can receive a material 4 to be evaporated 
therein. A coupling means for use in coupling With the noZZle 
unit is formed at an upper portion of the crucible 31. 

The noZZle unit 32 includes a body portion 32a having a 
cylindrical shape With a height smaller than that of the cru 
cible 31 and assembled to the upperportion of the crucible 31, 
and a plurality of evaporation tubes 33 formed at an angle 
While penetrating through the body portion 3211 between top 
and bottom faces of the body portion 32a. 
A coupling means for use in coupling With the upper por 

tion of the crucible 31 is provided at a loWer portion of the 
noZZle unit 32. 

The coupling means for coupling the noZZle unit With the 
crucible may be constructed of snap-?t protrusions provided 
at peripheries of the crucible and the noZZle unit Where they 
are coupled With each other. Alternatively, the coupling 
means may be constructed of clamps or the like provided 
respectively at the crucible and the noZZle unit. 

In particular, the center of a loWer end opening 33b of each 
of the evaporation tubes 33 is located on an identical circum 
ference With a radius R from the center of the body portion, 
and the center of an upper end opening 33a of the evaporation 
tube 33 is located on a tangential line to the circumference 
passing through the center of the loWer end opening 33b. 

It is preferred that each of the evaporation tubes 33 be 
formed at an angle of less than about 60 degrees With respect 
to the vertical direction of the body portion 32a. 

To perform vacuum thermal evaporation on a substrate 1 
using the ?rst embodiment of the present invention, the mul 
tiple noZZle evaporator of the present invention is placed 
beloW a center of the substrate 1, as shoWn in FIG. 4. Then, the 
evaporator is heated so that a material to be evaporated is 
evaporated and spouts through the inclined evaporation tubes 
33 toWard lateral sides of the substrate and is ?nally deposited 
on the substrate. 

When vacuum thermal evaporation is performed using the 
multiple noZZle evaporator for vacuum thermal evaporation 
according to the present invention, the evaporated material 
spouts toWard the peripheral areas of the substrate by means 
of the evaporation tubes inclined to be directed to the periph 
eral areas, resulting in a thin ?lm With a uniform thickness 
even in case of a large-area substrate. Since the evaporator is 
placed beloW the center of the substrate, it is possible to 
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4 
minimiZe the amount of the material to be Wasted by being 
directed to the outside of the substrate. In addition, the struc 
ture and inclination angle of the evaporation tube can be 
optimally adjusted according to process conditions so as to 
optimiZe the uniformity of a thin ?lm and the ef?ciency of use 
of the material. 
The evaporation tube 33 may be constructed to be inclined 

toWard the outside of the noZZle unit from a center line of the 
noZZle unit (i.e., in a direction toWard an outer periphery of a 
top face of the noZZle unit from the center of the bottom face 
of the noZZle unit). 

Since the evaporation tubes are con?gured as above, they 
can be disposed more densely. Thus, it is possible to obtain 
effects similar to those obtained in a case Where noZZles are 

consecutively disposed. In addition, since the entire evapora 
tion tubes are formed near the outer periphery of the noZZle 
unit, better thermal conduction can be achieved and it is 
possible to prevent condensation of the evaporated material 
Within the evaporation tubes. 

Furthermore, a protrusion or inclined surface may be 
formed on the top face of the body portion 32a of the noZZle 
unit in order to properly control the spouting distribution of 
the material that spouts through each of the evaporation tubes. 
Alternatively, the diameter of the evaporation tube may vary 
along the length thereof, or a protrusion may be formed 
Within the evaporation tube. 

FIG. 5 shoWs a perspective vieW of a second embodiment 
of the present invention. 

In this embodiment, a holloW portion 35 is formed along 
central portions of the noZZle unit 32 and the crucible 31, so 
that a central heater can be additionally installed in the holloW 
portion. The central heater enhances the heating capacity of 
the evaporator and also mainly heats the noZZle unit to prevent 
the evaporated material from being condensed Within the 
evaporation tubes. 

Referring to FIGS. 6 to 8, a multiple noZZle evaporator 
according to a third embodiment of the present invention 
includes a rectangular crucible 51 and a rectangular noZZle 
unit 52. The crucible 51 is formed of a rectangular container 
that has an open top face and can receive a material to be 
evaporated therein. A coupling means for use in coupling With 
the noZZle unit is formed at an upper portion of the crucible. 
The coupling means for coupling the noZZle unit With the 

crucible may be constructed of snap-?t protrusions provided 
at peripheries of the crucible and the noZZle unit Where they 
are coupled With each other. Alternatively, the coupling 
means may be constructed of clamps or the like provided 
respectively at the crucible and the noZZle unit. 
The noZZle unit 52 is formed With a plurality of evaporation 

tubes 531 and 532 extending from a top face to a bottom face 
of the noZZle unit. In particular, as a technical feature of this 
embodiment, the evaporation tubes are inclined in opposite 
directions and thus divided into tWo groups 531 and 532 
according to the inclined directions, so that the deposited 
material can be directed to the peripheral areas of the sub 
strate. 

Each of the groups may include a single evaporation tube as 
shoWn in FIG. 6, a single roW of evaporation tubes as shoWn 
in FIG. 7, or a cluster of tWo roWs of evaporation tubes as 
shoWn in FIG. 8. 

In order to properly control the spouting distribution of the 
evaporated material spouting through each of the evaporation 
tubes, a protrusion or inclined surface may be formed on a top 
face of the body portion of the noZZle unit. Alternatively, the 
diameter of the evaporation tube may vary along the length 
thereof, or a protrusion may be formed Within the evaporation 
tube. 



US 7,833,354 B2 
5 

When the evaporator of the third embodiment is used for 
vacuum thermal evaporation of the material on the substrate 
positioned above the evaporator, the tWo groups of evapora 
tion tubes are directed to the peripheral areas of the substrate, 
and thus, a combination of the spouting distributions of the 
evaporated material spouting through the tWo groups of 
evaporation tubes can achieve a uniform distribution in the 
longitudinal direction of the evaporator. The structures and 
inclination angles of the evaporation tubes can be properly 
adjusted to achieve a spouting distribution that enables better 
uniformity of vacuum thermal evaporation and a higher e?i 
ciency of use of the material. 

Since the third embodiment enables uniform vacuum ther 
mal evaporation only in the longitudinal direction of the 
evaporator, it is preferred that vacuum thermal evaporation 
using the evaporator of the third embodiment be performed 
by moving the substrate or evaporator in a direction perpen 
dicular to the length of the evaporator. 

Referring to FIGS. 9 to 11, contrary to the third embodi 
ment, a fourth embodiment of the present invention includes 
four groups 531a, 531b, 532a and 53219 of evaporation tubes 
in a noZZle unit. That is, the evaporation tubes are divided into 
tWo main groups each of Which is again divided into tWo 
sub-groups, thereby generating the four groups in total. The 
tWo main groups 531 and 532 are inclined outWardly in the 
longitudinal direction of the evaporator, and the tWo sub 
groups 531a and 53119 or 53211 and 53219 of each of the main 
groups are inclined toWard peripheral areas of a substrate in a 
direction perpendicular to the longitudinal direction of the 
evaporator While being inclined outWardly in the longitudinal 
direction of the evaporator. 
As more clearly understood from FIG. 11 illustrating a 

vacuum thermal evaporation method, the four groups are 
inclined toWard respective four comers of the substrate 1 
positioned above the evaporator. 

Further, referring to FIGS. 12 and 13, each group of evapo 
ration tubes in a noZZle unit includes a plurality of evaporation 
tubes in a roW. Alternatively, each group of evaporation tubes 
may include a cluster of tWo roWs of evaporation tubes, as 
shoWn in FIG. 9. As another alternative, the evaporation tubes 
may be arranged into four groups. 

In order to properly control the spouting distribution of the 
evaporated material spouting through each of the evaporation 
tubes, a protrusion or inclined surface may be formed on a top 
face of a body portion of the noZZle unit. Alternatively, the 
diameter of the evaporation tube may vary along the length 
thereof, or a protrusion may be formed Within the evaporation 
tube. 

In the fourth embodiment that has been advanced from the 
third embodiment, the structures and inclination angles of the 
evaporation tubes are adjusted appropriately so as to achieve 
a spouting distribution of a material, Which enables uniform 
vacuum thermal evaporation in the longitudinal direction of 
the evaporator as Well as in the direction perpendicular to the 
longitudinal direction. Contrary to the third embodiment, 
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6 
vacuum thermal evaporation can be carried out With both the 
evaporator and the substrate held in place. In addition, since 
the substrate generally has a rectangular shape, the fourth 
embodiment can provide a higher ef?ciency of use of a mate 
rial as compared With the ?rst and second embodiments 
Which provide a circular spouting distribution of a material. 

Furthermore, in order to minutely control the spouting 
distribution in the respective embodiments of the present 
invention, an additional group of vertical evaporation tubes 
may be further provided, or a sub-group of evaporation tubes 
having a different inclination angle may be added. 
The embodiments are merely examples speci?cally illus 

trating the technical spirit of the present invention. The scope 
of the invention is not limited to the embodiments or the 
draWings. 
The invention claimed is: 
1. A multiple noZZle evaporator for vacuum thermal evapo 

ration, the evaporator comprising: 
a rectangular post-shaped crucible With an open top face; 

and 
a noZZle unit including a body portion having a rectangular 

post-like shape With a height smaller than that of the 
crucible and secured to an upper portion of the crucible, 
and a plurality of evaporation tubes penetrating through 
the body portion betWeen top and bottom faces of the 
body portion, Wherein the evaporation tubes of the 
noZZle unit are divided into tWo groups each group 
including a plurality of evaporation tubes With the 
evaporation tubes of one of the tWo groups being 
inclined in an opposite direction With respect to the 
evaporation tubes of the other group, the evaporation 
tubes of each group extending at an identical inclination 
angle With respect to a central planar axis and extending 
aWay from the central planar axis of the top face of the 
body portion. 

2. The multiple noZZle evaporator according to claim 1, 
Wherein the evaporation tubes of the noZZle unit consist of the 
tWo groups. 

3. The multiple noZZle evaporator according to claim 1, 
Wherein the noZZles of each of the groups extend parallel to 
opposite sides of the rectangular post like shape of the noZZle 
unit. 

4. The multiple noZZle evaporator according to claim 1, 
Wherein lines de?ned by intersections of the evaporation 
tubes of each group With the top and With the bottom faces of 
the body portion are parallel to each other. 

5. The multiple noZZle evaporator according to claim 1, 
Wherein an angle of inclination betWeen the top and bottom 
faces of the body portion, for each of the evaporation tubes 
Within each of the groups, is equal. 

6. The multiple noZZle evaporator according to claim 1, 
Wherein all of the evaporation tubes provided in the body 
portion are inclined With respect to the central planar axis of 
the top face of the body portion. 

* * * * * 


